Bilirubin UDP-glucuronosyltransferase (UDPGT) activity in sealed hepatic microsomes from clofibratetreated rats was highly latent and was fully expressed by disruption of vesicles with detergents. Antibodies raised against purified bilirubin UDPGT were used to study the transmembrane orientation of the protein to provide a molecular understanding of the UDPGT latency. Immunoblot analysis of sealed microsomes, and microsomes after treatment with proteinases, showed that only a small portion of the protein resides on the cytoplasmic side of the microsomal vesicles. Treatment of microsomes with sodium deoxycholate allowed subtilisin and proteinase K to cleave the transferase, causing loss of activity and the release of smaller immunodetectable peptides. Treatment of the purified bilirubin UDPGT with peptide N-glycosidase F indicated that the enzyme was a glycoprotein. A working model of the transmembrane topology of bilirubin UDPGT is described.
INTRODUCTION
Hepatic microsomal UDP-glucuronosyltransferases (UDPGTs, EC 2.4.1.17) are a family of detoxicating isoenzymes [1] . These enzymes facilitate the elimination of drugs and other potentially toxic compounds by conjugating them with glucuronic acid, thereby increasing the polarity of the drug and allowing excretion of the product in the bile or urine [2] .
Bilirubin UDPGT is the rate-limiting enzyme in the excretion of bilirubin from the body. The absence of this enzyme activity can lead to jaundice as a developmental insufficiency manifested in neonatal animals [3] and in Crigler-Najjar syndrome [4] .
The transmembrane orientation of various members of this enzyme family has been a subject of controversy for many years (see [2] ). The activity of bilirubin UDPGT in intact hepatic microsomes is not fully expressed and can be increased more than 10-fold by disruption of microsomal vesicles [5] . A model has been proposed which suggests that UDP-glucuronic acid (UDPGA) transport is rate-limiting for glucuronidation by intact microsomes (see [6] acid. The chromatofocused enzyme was eluted at pH 7.65. Bilirubin UDPGT activity was measured as previously described [8] , using 4 mM-UDPGA and 122,uM-bilirubin.
Deglycosylation of purified bilirubin UDPGT with PNGase F Aliquots of purified bilirubin UDPGT were incubated with 2 units of PNGase F (EC 3.2.2.18) as previously described [9] in the presence of 10 mm-1, 10-o-phenanthroline for 18 h at 37 'C. Some samples of the purified enzyme were also incubated with 5 units of PNGase F in a non-denaturing modified buffer system (20 mm-K2HPO4/20 mM-EDTA/ 143 mM-2-mercaptoethanol/ 120 /iM-DOC, pH 7.5) for 3 h at room temperature. [10] . The separated proteins were transferred from the gel to nitrocellulose as described by Towbin et al. [11] . Blotted proteins were then examined by using a goat anti-(bilirubin UDPGT) antibody as previously described [12] .
RESULTS AND DISCUSSION Effect of proteolytic treatment on bilirubin UDPGT activities of untreated sealed and detergent-disrupted microsomes Hepatic microsomes from clofibrate-treated rats were incubated with various amounts of proteinases in the presence and absence of deoxycholate. The microsomal preparations were assayed for bilirubin UDPGT activity to assess the integrity of the sealed, intact, microsomes before and after proteinase treatment. This crucial assessment indicated the sidedness of the proteolytic attack. In intact sealed microsomes, proteinases should be able to attack proteins exposed on the cytoplasmic surface of ER vesicles; in detergent-solubilized microsomes, proteinases should operate at both luminal and cytoplasmic surfaces [1.3] . Assay of the latent UDPGT activities is an excellent indicator of the integrity of the ER membrane. The latency of l-naphthol UDPGT and bilirubin UDPGT have been shown to correlate exactly (r = 0.998) with that of the classical mannose-6-phosphatase assessment of ER integrity [14, 15] .
The results of optimal activition of bilirubin UDPGT activity in hepatic microsomes using Lubrol (0.2 mg of detergent/mg of protein) indicated that greater than 90 % of the microsomes were sealed even after incubation for 60 min at 20°C (results not shown). The results of the assessment of intactness using deoxycholate also indicated that 800 of microsomal vesicles were sealed (Table  1) . After treatment of sealed microsomes with proteinases, an increase of bilirubin UDPGT activity was observed, and the integrity of the vesicles was, not surprisingly, decreased to approx. 600. However, when the proteinase-treated 'sealed' microsomes, where pro- Topology of bilirubin UDP-glucuronosyltransferase teinase action had been terminated, were further treated with optimal amounts of detergent, no apparent loss of bilirubin UDPGT protein was observed, as indicated by the retention of transferase activity (Table 1) .
These data agree with the previous suggestion [16] that, when 'sealed' microsomes were used, the proteinases may damage the cytoplasmic face of the microsomes and allow entry of low-Mr compounds such as UDPGA, but that the active site of UDPGT was apparently unaffected.
Treatment of microsomes with optimal amounts of detergent (0.2 mg of deoxycholate/mg of protein) does not solubilize the microsomes [17] and did not allow proteolytic destruction of the bilirubin UDPGT activity ( Intact and detergent-treated microsomes were analysed by immunoblotting. Fig. 1 shows the results of these experiments. Treatment of 'intact' microsomes with all proteinases caused a slight increase in the mobility of bilirubin UDPGT, indicating the removal of approx. 2 kDa of protein (Fig. 1 a) . Mixing the untreated and trypsin-treated microsomes before immunoblotting confirmed that only the 2 kDa fragment was removed (Fig.  1 b) . Subtilisin BPN and proteinase K behave similarly in that they both cause extensive destruction of the bilirubin UDPGT protein in the presence of high levels of detergent (Fig. la) . Here we were able to relate this proteolytic degradation to the loss of bilirubin UDPGT activity (Table 1) and have observed the appearance of immunodetectable peptides of approx. 20 kDa (Fig. la) .
These results suggest that only a small portion of the bilirubin UDPGT protein is exposed on the cytoplasmic surface of the endoplasmic reticulum, and more of the enzyme was proteolytically degraded by subtilisin BPN or proteinase K in solubilized microsomes. Deglycosylation of purified rat liver bilirubin UDPGT by PNGase F Bilirubin UDPGT has been proposed, after the use of a staining procedure to study partially purified enzymes, to be glycoprotein [18] . Stronger evidence ofglycosylation would provide some indicators of the orientation of the protein. Aliquots of purified bilirubin UDPGT were incubated with PNGase F under denaturing conditions and then examined by SDS/polyacrylamide-gel electrophoresis. Fig. 2 shows that the purified enzyme was reduced in size by approx. 2 kDa after treatment with PNGase F. Note that size changes appear larger on these 7 % gels. Incubation was also conducted with fetuin, a known glycoprotein, and in the presence of 1,10-ophenanthroline (to indicate that this decrease in size was not due to a proteolytic event). Incubation of bilirubin UDPGT with PNGase F under non-denaturing conditions (see [2, 3] ) reduced the enzyme activity by only 10 %, although the decrease in size of the protein was still observed (results not shown), indicating that glycosylation is not essential for enzymic activity. These data strongly indicate that bilirubin UDPGT is a glycoprotein, although definitive proof of glycosylation requires a chemical analysis of the purified enzyme.
A model of the transverse organization of bilirubin UDPGT in the ER The simple picture that these results predict is of a protein slightly exposed on the cytoplasmic surface of the membrane joined by a transmembrane region to the majority of the protein on the luminal side of the ER. The luminal portion of the protein is glycosylated. Other members of this family of isoenzymes, such as androsterone UDPGT [19, 20] completely sequenced, and a hydropathicity plot [22] suggests that there may be only one membrane-spanning region near the C-terminal end, the tail of which is highly charged and may be responsible for retention of such proteins in the ER [23; the present Fig. 3 ]. Although prediction is a reasonable first proposal of a topological model, improved programmes [24] might provide more structural information. Our biochemical analyses only indicated that the majority of the protein was not exposed on the cytoplasmic surface of microsomal vesicles. Fig. 3 . Model of the transmembrane topology of bilirubin UDPGT The model presented was devised from the evidence reported here and analysis of hydropathicity plots [22] of amino acid sequences of other isoenzymes [19] in this family.
